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(54) Piston pump, in particular a radial-piston pump for internal combustion engine fuel 



(57) The pump (15) has a number of cylinders (21) 
arranged with their respective axes (22) at a predeter- 
mined angular distance about a drive shaft (28); and a 
number of pistons (42), each sliding inside a respective 
cylinder (21). The inner radial end of each piston (42) is 
fitted with a pad (43) engaging a respective flat portion 
(40) of a cam (39) rotating on an eccentric portion (35) 
of the drive shaft (28); and, to ensure against seizure, 
each pad (43) has a cavity (67) inside which is fitted a 
shoe (66) having at least one layer (70) of self-lubricat- 
ing material engaging the respective flat portion (40) of 
the cam (39). 
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Description 

The present invention relates to a perfected piston 
pump, in particular a radial-piston pump for interna! 
combustion engine fuel. 

As is known, in internal combustion engines, and 
particularly diesel engines, pumps of the above type 
operate at high pressure of even over 1300 bar, and at 
high speed of about 3000 rpm. 

The cylinders of a piston pump of the above type 
are arranged radially about a drive shaft comprising an 
eccentric portion on which rotates a cam for operating 
the cylinders, each of which comprises a pad engaging 
a respective flat portion of the cam. In use, the eccentric 
portion moves the cam, parallel to itself at all times, 
along a circular trajectory, so that each pad slides on the 
respective flat portion with no angular oscillation of the 
axis of the respective piston. 

The shaft, eccentric portion, cam and pads of the 
pump are housed inside a closed chamber into which 
part of the fuel supplied to the pump is fed to lubricate 
the surface of the pad contacting the flat portion of the 
cam; and sliding bearings, also lubricated by the fuel cir- 
culating in the chamber, are provided between the shaft 
and respective seats, and between the cam and the 
eccentric portion. 

Over and above a given pressure on the movable 
contacting surfaces and/or over and above a given 
speed of the pump, however, lubrication by the fuel or 
any type of lubricating oil is insufficient to lubricate the 
pad surfaces and respective flat portions of the cam. 
Such pressure, in fact, compresses the film of fuel or oil 
between the contacting surfaces, so that it is expelled 
from the respective gap, thus resulting in possible sei- 
zure of the two surfaces. 

It is an object of the present invention to provide a 
highly straightforward, reliable piston pump designed to 
eliminate the risk of seizure between the piston pad and 
respective cam surface. 

According to the present invention, there is pro- 
vided a piston pump comprising at least one cylinder in 
which slides a piston; and a drive shaft in turn compris- 
ing a cam rotating on an eccentric portion integral with 
said shaft to activate said piston; said cam comprising a 
flat portion engaged by a pad integral with said piston; 
characterized in that, between said flat portion and said 
pad, there is provided an element made of self-lubricat- 
ing material, for ensuring lubrication between said pad 
and said flat portion under any operating condition of 
the pump. 

In a radial-piston pump comprising a number of cyl- 
inders arranged with the respective axes at a predeter- 
mined angular distance about the drive shaft, and a 
number of pistons, each sliding inside a respective cyl- 
inder, the radial inner end of each piston comprises a 
pad engaging a respective flat portion of said cam, and 
said element comprises a disk-shaped shoe fitted 
inside a cavity in each pad to engage the respective flat 
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portion of the cam. 

A preferred, non-limiting embodiment of the present 
invention will be described by way of example with refer- 
ence to the accompanying drawings, in which: 

Figure 1 shows an axial section of a radial-piston 
pump in accordance with the present invention; 
Figure 2 shows a larger-scale partial section along 
line IMI in Figure 1. 



Number 15 in Figure 1 indicates a high-pressure 
radial-piston pump for supplying fuel to an internal com- 
bustion engine, e.g. a diesel engine, and comprising 
three cylinders 21 arranged radially inside a body 20 

75 with their respective axes 22 separated by an angular 
distance of 120°. At the center, body 20 comprises a 
cup-shaped inner chamber 23 closed by a flange 24. 

Pump 15 comprises a drive shaft 28 having two 
portions fitted with respective sliding bearings 29 and 

20 31 by which shaft 28 rotates inside a hole 25 in flange 
24 and inside a dead hole 27 in body 20; shaft 28 forms 
one piece with an eccentric portion 35 housed inside 
chamber 23 and fitted with a further sliding bearing 34 
cooperating with the inner surface of a hole 38 of an 

25 annular cam 39 controlling pump 15, so that cam 39 
rotates on eccentric portion 35; and the axis 36 of 
eccentric portion 35 is offset by distance E with respect 
to the axis 37 of shaft 28. 

The outer surface of annular cam 39 comprises 

30 three flat portions 40 associated with cylinders 21 (only 
one shown in Figure 2) and perpendicular to respective 
axes 22 of cylinders 21. Each cylinder 21 comprises a 
cylindrical hole 41 coaxial with respective axis 22, and 
in which slides a piston 42 projecting from cylinder 21 

35 towards axis 37 (see also Figure 1); and the projecting 
portion of each piston 42 is fitted, e.g. by means of a 
retainer 33, with a pad 43, which is pushed by a spring 
44 towards respective flat portion 40 together with pis- 
ton 42. 

40 Since pistons 42 slide along a strictly straight trajec- 
tory, cam 39, by virtue of pads 43, maintains its orienta- 
tion when shaft 28 is rotated, while axis 36 rotates about 
axis 37 of shaft 28, so that flat portions 40 also move 
parallel to themselves along a circular trajectory and, in 

45 conjunction with springs 44, move pistons 42 back and 
forth inside holes 41, and each pad 43 slides trans- 
versely on respective flat portion 40 of cam 39. 

Inside hole 41 , the surface of each piston 42 oppo- 
site cam 39 defines a compression chamber 45, the vol- 

so ume of which varies with the movement of piston 42; 
and each cylinder 21 comprises a nonreturn intake 
valve 50 (Figure 1) and a nonreturn delivery valve 51, 
both seated in a plate 52 closing respective cylinder 21 
and fitted to body 20 by a respective head 53. 

55 As piston 42 moves radially inwards, compression 
chamber 45 expands and draws in fuel through intake 
valve 50; and, as piston 42 moves radially outwards, 
chamber 45 decreases in volume, so that the fuel is 
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compressed and, on reaching a predetermined pres- 
sure, opens delivery valve 51 and is discharged out of 
chamber 45 through valve 51 . 

Each intake valve 50 is supplied with fuel along a 
respective axial channel 54 formed in respective head s 
53, and along a respective radial channel 55 formed in 
body 20 next to flange 24; and the three channels 55 
communicate with an annular groove 56 formed in 
flange 24, and which in turn communicates with an 
intake channel 57 communicating with an inlet fitting 14. w 

Fuel is supplied to channel 57 via an on-off valve 46 
comprising a piston 47 with a calibrated hole 48, and 
communicating with inner chamber 23 via a hole 49; 
and the fuel from inlet fitting 1 4 flows continually through 
holes 48 and 49 into chamber 23 to lubricate and cool is 
the moving components housed inside the chamber. 

Each delivery valve 51 communicates with an axial 
cavity 61 along a respective axial channel 59 formed in 
respective head 53, and along a respective radial chan- 
nel 60 formed in body 20; and, downstream from a 20 
bypass valve of a pressure regulator (not shown), cavity 
61 is connected to a low-pressure chamber communi- 
cating with a drain fitting 64, which is also connected in 
known manner to hole 27 of body 20 by a channel 65. 

According to the invention, an element made of 25 
self-lubricating material, such as bronze, Teflon or simi- 
lar, is provided between each flat portion 40 of cam 39 
and respective pad 43. More specifically, said element 
comprises a disk-shaped shoe 66 housed inside a cir- 
cular cavity 67 (Figure 2) formed on the surface 68 of 30 
each pad 43 facing respective flat portion 40 of cam 39. 
Shoe 66 is force-fitted inside cavity 67, and is of such a 
thickness as to project from surface 68. 

Shoe 66 may advantageously comprise a metal 
support 69, e.g. of steel or bronze, covered with at least 35 
one layer 70 of self-lubricating material, e.g. a known 
layer 70 of polytetraf iuorene and lead; and shoe 66 is fit- 
ted inside cavity 67 by metal support 69 with self-lubri- 
cating layer 70 f acing flat portion 40 of cam 39. In actual 
use, respective spring 44 keeps layer 70 resting on 40 
respective flat portion 40. 

Bear ings 29, 31 , 34 (Figure 1} may also comprise a 
metal inner support and an outer layer of self-lubricating 
material, preferably the same as that of shoes 66. In 
which case, the metal supports of bearings 29, 31, 34 45 
are forced on to the two portions of shaft 28 and eccen- 
tric portion 35, and the self-lubricating layers cooperate 
with the inner surfaces of holes 25, 27 and 38. 

During operation of pump 15, each shoe 66 effec- 
tively lubricates the surface of flat portion 40, even when so 
the pressure on said surface and/or the speed of drive 
shaft 28 are such as to compress the film of lubricating 
fuel, thus eliminating any risk of seizure. Similarly, bear- 
ings 29, 31, 34 ensure effective lubrication of holes 25, 
27, 38 at any pressure and any operating speed of 55 
pump 15. 

As compared with the known state of the art, the 
pump according to the present invention therefore pro- 



vides for eliminating any risk of seizure. 

Clearly, changes may be made to the pump as 
described and illustrated herein without, however, 
departing from the scope of the present invention. For 
example, the pump may be a single-piston or in-line-pis- 
ton type, and may comprise a lubricating system other 
than that described, e.g. an oii-bath or pressurized-oil 
system separate from the fuel circuit. 

Moreover, shoe 66 may be other than circular; shoe 
66 and/or bearings 29, 31, 34 may comprise a number 
of self-lubricating layers other than that described; shoe 
66 may be fitted to respective flat portion 40 of cam 39; 
and, finally, shoe 66 may be fitted to pad 43 or to flat 
portion 40 in any other manner, e.g. screwed, welded or 
bonded. 

Claims 

1 . A piston pump comprising at least one cylinder (21) 
in which slides a piston (42); and a drive shaft (28) 
in turn comprising a cam (39) rotating on an eccen- 
tric portion (35) integral with said shaft (28) to acti- 
vate said piston (42); said cam comprising a flat 

portion (40) engaged by . a pad (43) integral with 

said piston (42); characterized in that, between said 
flat portion (40) and said pad (43). there is provided 
an element (66) made of self -lubricating material, 
for ensuring lubrication between said pad (43) and 
said flat portion (40) under any operating condition 
of the pump. 

2. A pump as claimed in Claim 1 , characterized in that 
said element is in the form of a disk-shaped shoe 
(66). 

3. A pu np as claimed in Claim 2, characterized in that 
said shoe (66) is fitted inside a cavity (67) formed in 
said pad (43) or in said flat portion (40). 

4. A pump as claimed in Claim 2, characterized in that 
said shoe (66) is screwed, welded or bonded to 

oaiu pau v**oy ui m oaiu iiai put uun 

5. A pump as claimed in Claim 3 or 4, characterized in 
that said shoe (66) comprises a support (69) of 
metal material covered with at least one layer (70) 
of said self-lubricating material; said shoe (66) 
being fitted inside said cavity (67) by said support 
(69). 

6. A pump as claimed in Claim 5, characterized in that 
said layer of self -lubricating material comprises a 
layer (70) of polytetraf Iuorene and lead, which is 
maintained elastically contacting said flat portion 
(40). 

7. A pump as claimed in one of the foregoing Claims 
from 2 to 6, and comprising a number of cylinders 



BNSDOCID: <EP 08511 20 A2 I > 



EP0 851 120 A2 



(21 ) arranged with the respective axes (22) at a pre- 
determined angular distance about said drive shaft 
(28); and a number of pistons (42), each sliding 
inside a respective cylinder (21) of said number; the 
radial inner end of each said piston (42) comprising 
a pad (43) engaging a respective flat portion (40) of 
said cam (39); characterized in that a said shoe 
(66) is provided between each of said pads (43) 
and the respective flat portion (40). 
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A pump as claimed in Claim 7, in particular a high- 
pressure type for internal combustion engine fuel, 
comprising a body (20) having a closed chamber 
(23) housing said cam (39) and said pads (43), and 
into which fuel is fed to lubricate said shaft (28) and is 
said cam (39); characterized in that said shaft (28) 
and said eccentric portion (35) each comprise a 
sliding bearing (29, 31, 34) in turn comprising a 
metal support and at least one layer of self-lubricat- 
ing material. 20 



25 



30 



35 



40 



45 



50 



55 



BNSDOCID: <EP 0851 120A2_I_> 




BNSDOCID: <EP 0851120A2J_> 



EP0 851 120 A2 




BNSDOCIO <EP 0851120A2_I_> 



(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Off ice europten des brevets (11) EP 0 851 120 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

07.01.1999 Bulletin 1999/01 

(43) Date of publication A2: 

01.07.1998 Bulletin 1998/27 

(21) Application number: 97122645.1 

(22) Date of filing: 22.12.1997 



(51) Intel. 6 : F04B 1/04, F04B 9/04, 
F04B53/18 



(84) Designated Contracting States: 


(72) 


Inventor: Ricco, Mario 




AT BE CH DE DK ES Fl FR GB GR IE IT LI LU NIC 




70125 Bari (IT) 




NL PT SE 








Designated Extension States: 


(74) 


Representative: 




AL LT LV MK RO SI 




Jorio, Paolo et al 
STUDIO TORTA S.r.l., 




(30) Priority: 23.12.1996 IT TO960264 U 




Via Viotti, 9 
10121 Torino (IT) 




(71) Applicant: 








ELASIS SISTEMA RICERCA FIAT NEL 








MEZZOGIORNO Societa Consortile per Azioni 








80038 Pomigliano d'Arco, Napoli (IT) 









CO 

< 

o 

CM 



00 



(54) Piston pump, in particular a radial-piston pump for internal combustion engine fuel 

(57) The pump (15) has a number of cylinders (21) 
arranged with their respective axes (22) at a predeter- 
mined angular distance about a drive shaft (28); and a 
number of pistons (42), each sliding inside a respective 
cylinder (21). The inner radial end of each piston (42) is 
fitted with a pad (43) engaging a respective flat portion 
(40) of a cam (39) rotating on an eccentric portion (35) 
of the drive shaft (28); and, to ensure against seizure, 
each pad (43) has a cavity (67) inside which is fitted a 
shoe (66) having at least one layer (70) of self-lubricat- 
ing material engaging the respective flat portion (40) of 
the cam (39). 
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